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Abstract 
In recent years, synthesis of nanoparticles via arc electrical discharge method get a lot of interest because this method needs low 
cost equipment and is environmentally friendly. In this study, synthesis of titanium-based nanoparticles carried out by direct 
current (DC) arc discharge in different liquids. The purpose of research is investigating the effect of liquid medium on size, 
crystal structure and optical properties of synthesized colloidal nanoparticles. Deionized water and three different organic liquids 
including ethanol, methanol and acetone were used as arc discharge medium. The arc discharge created with applying 40 A 
current between two pure titanium electrodes immerged in 4 cm depth of liquid. Scanning electron microscopy (SEM) and UV-
visible spectroscopy were used for characterization of size and morphology and optical properties of nanoparticles respectively. 
However the morphology of particles is independent of liquid medium and approximately all particles are almost spherical but 
the average size of particles are different which among them the colloidal nanoparticles synthesized in acetone demonstrate the 
smallest size. According to optical transmission spectra, nanoparticles synthesized in water indicate optical characteristic of 
titanium oxide. Also these colloidal nanoparticles sediment after about two days. Colloidal nanoparticles synthesized in organic 
liquids especially acetone demonstrate high stability without any sedimentation. In addition, nanoparticles synthesized in ethanol, 
methanol, and acetone indicate optical characteristic of metallic nanostructure. Finally water is suitable to formation of titanium 
oxide nanoparticles and acetone is determined as the best medium for preparation of stable colloidal solution of titanium 
nanoparticles. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Titanium and titanium oxides nanoparticles are used for example in hydrogen storages because of titanium 
nanoparticles catalytic properties, Bogdanović et al. (2003), thermal transfer fluids, Naphon et al. (2008), optical 
detectors, light emitting diodes (LED) applications, Zhang (2009), liquid crystal device, as liquid crystal displays 
(LCDs), Ha et al (2012), chemical and biochemical imaging, photovoltaic solar cells (PV solar cells), optical filters, 
Zhang (2009). A great large number of applications of these nanoparticles in various fields reveal importance of 
synthesis and investigation of titanium and titanium oxides nanoparticles. For synthesis of these nanoparticle, 
different methods are used; Some of these methods are laser ablation, Boutinguiza et al. (2013), Golightly and 
Castleman (2006), biological synthesis by plant extract, Sundrarajan and Gowri (2011), chemical vapor synthesis 
(CVS), Akgul et al. (2013), chemical vapor condensation (CVC) process, Attar et al. (2011), Electronically 
Mediated Reaction (EMR), Park et al. (2005), synthesis by spray pyrolysis of organic precursors, Wang et al. 
(2005). But electrical discharge used in present research is a unique method because of its exceptional features. It is 
a green method without toxic materials production, Tien et al. (2008), one-step synthesis process, Poonjarernsilp et 
al. (2011), low-cost, Nasrollahzadeh et al. (2015), uncomplicated method with equipment, Khezri et al. (2014), 
Ashkarran et al. (2010), rapid way for synthesis of nanoparticles, about several minutes, Lung et al. (2007), and this 
method has very flexible electrode configuration and electrode shape like coaxial configuration, point to plate 
electrode geometry and multi electrode system, Staná (2006). Finally, considering these mentioned properties, arc 
discharge can be commercialized. 
Nanoparticles properties are depend on different factors; Particles size is one of the important parameters in 
determination of the nanoparticles properties. For example, this factor can be controlled by a constant optimum 
current in arc discharge method, Chen and Pai (2004). The arc current influences directly particle size so by 
increasing amperage, size increases, Ashkarran et al. (2010). The shape of nanoparticles can be affected by arc 
discharge parameters, Shabgard and Najafabadi (2014); e.g. it is affected by arc current, and when arc current 
enhances, the temperature gradient intensifies so rapid condensation occurs, and nanoparticles shape tends to sphere, 
Ashkarran et al. (2010). On the other hand, shape is influenced by the kind of material, Shabgard and Najafabadi 
(2014). Both of these factors, size and shape, are effective on optical properties of nanoparticles, but shape 
effectiveness is significant in comparison of size, Zhang (2009). The reason of optical properties importance is 
because of its vast applications in diverse fields mentioned above. 
In this work, titanium-based nanoparticles synthesized by arc discharge in liquid environment. The purpose of 
research is investigating the effect of liquid medium on size, crystal structure and optical properties of synthesized 
colloidal nanoparticles. Thus, synthesis process occurred in water, ethanol, methanol and acetone. Arc current was 
set on 40A during the process. UV-vis spectroscopy and scanning electron microscopy (SEM) are used for 
characterization. Briefly, according to the analysis results, the nanoparticles size are less than 50nm, and all of them 
have spherical shape. Also, water is suitable to formation of titanium oxide nanoparticles and acetone is determined 
as the best medium for preparation of stable colloidal solution of titanium nanoparticles. 
2. Experimental 
In experimental setup, two electrode, anode and cathode, configure in vertical mode, and for applying 40 A 
current, constant current power supply connects to system. The upper electrode anode in this arrangement is mobile, 
and the other one is fix so arc length, gap between two electrodes, is adjusted with mobile electrode. To create arc 
discharge, electrodes are to connect to each other. While connecting, spark is created between electrodes, and then, 
to generate arc, it is necessary to create a gap among the electrodes about 2-3 mm. If this gap is larger than 
mentioned amount, arc discharge stability decreases, and if the gap exceeds the critical distance, generation of 
electrical arc is not possible. Synthesis of titanium-based nanoparticles via arc discharge by titanium electrodes 
occurred in four liquids included deionized water, ethanol, methanol and acetone. For preventing agglomeration of 
nanoparticles, the synthesis process is done in ultrasonic device so as a result, the small particles are created. It is 
noticeable the organic liquids, ethanol, methanol and acetone, are flammable so it is necessary the synthesis process 
is done under inert or inactive gas. N2 is used as inert gas in this research. It should be mentioned generated arc 
discharge in water is very energetic and the color of plasma zone is white. Finally, for investigation size, 
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morphology and optical properties, Mira-II-TEscan for SEM and SPUV-26 spectrometer for absorption spectra 
measurements were used respectively. 
3. Results and Discussion 
Typical SEM images of nanoparticles are demonstrated in Fig. 1. Nanoparticles synthesized in all mediums are 
about spherical. The average particle size of nanoparticle synthesized in water, ethanol, methanol and acetone are 
33, 45, 28 and 38 nm respectively. In addition size distribution in deionized water and methanol are narrow and 
symmetric. The reason of this is due to stability of arc discharge in deionized water; because arc stability cause the 
uniform particle size, but we cannot justify the reason of the same observation in methanol medium, and more 
investigations are needed in the future. Unexpectedly, mean particle size related to water is the second smallest 
particles. In the other words, because of oxidation of particles in water, it is expected the nanoparticles with 
oxidation layer on their surface cannot be agglomerate because it is known the oxide nanoparticles surface activity 
are lower than metal nanoparticles so the nanoparticles agglomeration decreases, but as mentioned, the arc discharge 
in water is very energetic so the rate of synthesis of nanoparticles increases; as a result, possibility of agglomeration 
of nanoparticles rises. On the other hand, the reason of coarsening nanoparticles in organic liquids in comparison 
with water is because of being flammable liquids, so these liquids have low specific heat and cooling power; thus 
the cooling rate of nanoparticles decreases and nanoparticles tend to coalescence. Also, because of non-use of 
surfactant in synthesis process, stability of nanoparticles is very low, and after one or two days, nanoparticles 
sediment completely, but by ultra-sonication, dispersion of nanoparticles in liquid medium can occur again. 
 
Fig. 1. SEM images and size distribution of nanoparticles synthesized in (a) water; (b) ethanol; (c) methanol; and (d) acetone. 
Immediately after synthesis, absorption spectra of nanoparticles were obtained. The colloid color prepared in 
water is light blue and indicants synthesis of titanium oxide nanoparticles. This hypothesis conforms to absorption 
spectra of nanoparticles synthesized in water shown in Fig. 2. According to the Fig. 2a, absorption curve of 
nanoparticles prepared in water is shown with black line demonstrates comb like behavior, and it is optical 
characteristic of oxides. Additionally, as obviously seen from Fig. 2b energy gap of 3.25 eV for direct band gap is so 
near to titanium oxide band gap, Shabgard and Najafabadi (2010). For nanoparticles prepared in ethanol and acetone 
UV-vis spectra are linear, and it demonstrates synthesis of metallic nanoparticles. Comparing with these two organic 
liquids, ethanol and acetone, violet curve related to methanol illustrates dual behavior and its behavior is semi oxide-
semi metal. In fact, it can be inferred nanoparticles oxidize partially. 
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4. Summary 
In this research, titanium-based nanoparticles successfully were synthesized in all four mediums by arc discharge. 
According to the SEM images, all nanoparticles are spherical and less than 50nm, and the smallest particle sizes 
with 28 and 33 nm belong to methanol and then water. In agreement with UV-vis result, titanium oxide 
nanoparticles with 3.25eV band gap were synthesized in water; which is not unexpected because titanium is very 
reactive element and oxidation of synthesized titanium nanoparticles in presence of oxygen is very probable. On the 
other hand, the organic mediums result the metallic nanoparticles, but it is noticeable the nanoparticles synthesized 
in methanol oxidize partially. Finally, arc discharge is suitable candidate for synthesis titanium-based nanoparticles 
with small particle size, especially titanium oxide because of its various application in different fields. 
References 
Akgul G., Akgul F. A., Attenkofer K., Winterer M., 2013. Structural properties of zinc oxide and titanium dioxide nanoparticles prepared by 
chemical vapor synthesis. Journal of Alloys and Compounds 554, 177-181. 
Ashkarran A.A., Iraji zad A., Mahdavi M., Ahadian M. M., 2010. Photocatalytic Activity of ZnO Nanoparticles Prepared via Submerged Arc 
Discharge Method. Applied Physics A 100, 1097–1102. 
Ashkarran A. A., Kavianipour M., Aghigh S. M., Afshar S. A., Saviz S., Zad A. I., 2010. On the formation of TiO2 nanoparticles via submerged 
arc discharge technique: synthesis, characterization and photocatalytic properties.Journal of Cluster Science 21(4), 753-766. 
Attar A., Halali M., Sobhani M., Ghandehari R. T., 2011. Synthesis of titanium nano-particles via chemical vapor condensation processing. 
Journal of Alloys and Compounds 509(19), 5825-5828. 
Bogdanović B., Felderhoff M., Kaskel S., Pommerin A., Schlichte K., SCHüTH F., 2003. Improved Hydrogen Storage Properties of TiϋDoped 
Sodium Alanate Using Titanium Nanoparticles as Doping Agents. Advanced Materials 15(12), 1012-1015. 
Boutinguiza M., del Val, J., Riveiro A., Lusquiños F., Quintero F., Comesaña R., Pou, J., 2013. Synthesis of titanium oxide nanoparticles by 
Ytterbium fiber laser ablation. Physics Procedia 41, 787-793. 
Chen L. C., Pai S. H., 2004. In-situ Measurement and Control of Electric Discharge on Submerged Arc Synthesis Process for Continuous TiO2 
Nanoparticle Fabrication. Materials Transactions 45, 3071-3078. 
Golightly J. S., Castleman A. W., 2006. Analysis of titanium nanoparticles created by laser irradiation under liquid environments. The Journal of 
Physical Chemistry B 110(40), 19979-19984. 
Ha Y. S., Kim H. J., Park H. G., Seo D. S., 2012. Enhancement of electro-optic properties in liquid crystal devices via titanium nanoparticle 
doping. Optics express 20(6), 6448-6455. 
Khezri S. H., Yazdani A., Khordad R., 2014. Effect of characteristics of media on cobalt and iron nanoparticles prepared by arc discharge 
method.Journal of Industrial and Engineering Chemistry 20(2), 521-527. 
300 400 500 600 700 800 900 1000 1100 1200
20
30
40
50
60
70
80
90
100
A
bs
or
ba
nc
e 
(a.
u
.
)
Wavelength (nm)
 DI Water
 Ethanol
 Acetone
 Methanol
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
-250000
0
250000
500000
750000
1000000
1250000
1500000
1750000
2000000
D
'h
Q
 
c
m
-
2  
e
v
2
 hQ (ev)
 DI Watera b 
Fig.  2. (a) UV-vis spectrum of nanoparticles in all mediums; (b) direct band gap of nanoparticles synthesized in water. 
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